yearly change in CRP was -0.0051 (-0.020 to 0.27) mg/l/year. After adjustment for demographic characteristics and the initial level of CRP, each standard deviation lower baseline eGFR was associated with a small and non-significant yearly increase in CRP (0.032 mg/l/year; 95% CI: -0.005 to 0.070, p = 0.094). Conclusions: We did not find a relationship between eGFR and subsequent changes in CRP. The association between kidney function and CRP in cross-sectional analyses may reflect unmeasured confounding by atherosclerosis; alternatively, the burden of comorbidity and interval mortality in this population may have masked a stronger longitudinal association between kidney function and change in CRP. Further study in younger populations may clarify whether impaired kidney function leads to change in inflammation over time. The relationship between kidney function and subsequent changes in CRP is unknown. Methods: We studied 4,364 individuals from the Cardiovascular Health Study, a longitudinal cohort of community-dwelling older adults. Baseline eGFRcys was estimated using cystatin C. CRP was measured at baseline and after 3 and 7 years of follow-up; slopes of change in CRP were calculated. Results: The mean (SD) age of the cohort was 72 (5.2) years; mean (SD) eGFRcys was 78.9 (18.4) ml/min/1.73 m 2 . The median (interquartile range IQR) baseline CRP was 2.39 (1.22, 4.33) mg/l; the median (IQR)
Introduction
Among patients with chronic kidney disease (CKD), cardiovascular mortality risk is markedly elevated. While cardiovascular morbidity and mortality are highest among those with kidney failure, there is increasing recognition that even mild decreases in glomerular filtration rate (GFR) are associated with increased risk of cardiovascular disease (CVD) [1] [2] [3] . The mediators for this association are not clear. While traditional CVD risk factors such as hypertension, diabetes and dyslipidemia are partially responsible for this relationship, non-traditional risk factors, such as inflammation, have also been associated with CVD in those with CKD [1, 4, 5] .
Levels of inflammatory markers have consistently been found to be elevated in patients with end-stage renal disease (ESRD) or kidney failure [6, 7] . Most [8, 9] , but not all [10] , studies have also suggested that the kidney function is associated with inflammatory markers in the earlier stages of kidney disease. In the Cardiovascular Health Study (CHS), the association between cystatin C, creatinine, and estimated GFR with C-reactive protein (CRP) has been examined in cross-sectional analyses; cystatin C was directly and linearly associated with levels of inflammatory markers, while creatinine and estimated GFR (eGFR) based on serum creatinine demonstrated U-shaped associations with CRP [1] . Most previous studies that have evaluated the relationship between level of kidney function and CRP have been cross-sectional [1, 9, 11] . To our knowledge no previous studies have evaluated the relationship between baseline kidney function and increasing levels of CRP in follow-up. There are reasons to suspect that kidney dysfunction may predate the development of inflammation. Potential mechanisms include decreased clearance of inflammatory cytokines [12, 13] , greater insulin resistance and oxidative stress [14, 15] and aggravation of hypertension resulting in endothelial injury, all of which may lead to development or worsening of the inflammatory state.
We therefore evaluated the association between baseline kidney function, as ascertained by cystatin C-based estimations of GFR, and changes in CRP over up to 7 years of follow-up in a cohort of older adults.
Methods

Study Population
CHS is a longitudinal study of community-dwelling older adults designed to evaluate risk factors for CVD. The design of this study has been described previously [16] . In brief, participants 65 years of age or older were recruited from Medicare eligibility lists in 4 US communities (Forsyth County, N.C.; Sacramento County, Calif.; Washington County, Md.; Pittsburgh, Pa.). An initial 5,201 participants were recruited between 1989 and 1990. Blood samples were drawn in these individuals in 1989-1990 (year 0), 1992-1993 (year 3), and 1996-1997 (year 7). An additional 687 black participants were added to the study in 1992-1993; these individuals had blood samples drawn in 1992-1993 (year 3) and 1996-1997 (year 7).
All participants provided written informed consent, and the institutional review boards of the University of California San Francisco, University of Washington, and University of Pittsburgh approved the study.
Measurement of Cystatin C and CRP
Frozen sera stored at -70 ° C from the visits at year 0 (1989-1990), year 3 (1992-1993) and year 7 (1996-1997) were available for measurement of cystatin C and CRP. Cystatin C was measured using a particle-enhanced immunonephelometric assay [N Latex Cystatin C, Dade Behring (now Siemens), Deerfield, Ill., USA] with a nephelometer [BNII, Dade Behring (now Siemens)]. Previous work has shown cystatin C to be stable through several freezethaw cycles [17] . For cystatin C, the intra-assay and the inter-assay coefficients of variation ranged from 2.0 to 2.8% and from 2.3 to 3.1%, respectively.
High-sensitivity CRP was measured at year 0 using an ELISA assay developed at the CHS reference laboratory [18] . This assay was subsequently calibrated to an automated commercial assay by repeating 500 samples and by matching CRP standards using both the old and new assays. Original values were standardized to follow up values using linear regression (adjusted baseline CRP = e (ln(baseline CRP) + 0.2781) ). Year 3 and 7 measures were performed using the automated assay on the BNII nephelometer from Dade Behring (N High Sensitivity CRP, Dade Behring Inc., Deerfield, Ill., USA). CRP has been demonstrated to be stable through several freeze-thaw cycles [18] .
Predictor Variable: Estimated GFR Using Cystatin C To estimate GFR using cystatin C (eGFRcys), we used an equation (eGFRcys = 76.7 ؒ cysC - 1.18 ) derived from a pooling of cohorts that used iothalamate clearance as the criterion standard [19] . Estimated GFR values 1 130 ml/min/1.73 m 2 were truncated at 130 ml/min/1.73 m 2 , since values above these are unlikely to be accurate [3] .
Outcome Variable: Change in C-Reactive Protein
Because of the non-normal distribution of CRP at each time point, in our initial analyses we transformed CRP levels by natural logarithms before calculating change. Because the findings were similar using the change in ln(CRP) versus change in CRP itself, we present the latter results for ease of interpretation. Change in CRP was calculated using the 2 or 3 measurements available for each individual. A least-squares regression slope was fitted to the available measurements and an annualized slope of change was calculated. We removed the small number of individuals with change 1 10 mg/l/year from final models (45 individuals, or ! 1% of the cohort), since these extreme changes were driven in each case by isolated CRP values 170 mg/l, and were likely to be due to acute inflammatory conditions that were bio-c116 logically dissimilar to the conditions causing small changes in CRP. Given the difference in measurement technique for the year 0 versus year 3 and 7 CRP measurements, we performed a sensitivity analysis using only the year 3 and 7 values.
Covariates
Candidate covariates were chosen based on findings from prior studies of the cross-sectional association between eGFRcys and CRP or based on biological plausibility. Age, gender, and race were forced into adjusted models. The following baseline covariates were considered for inclusion: study variables (study site and recruitment cohort); cardiovascular risk factors (history of smoking, hypertension defined by use of antihypertensive agents, or an average of 3 blood pressure measurements 1 140/90 mm Hg, diabetes defined by use of insulin or an oral hypoglycemic agent, or a fasting blood sugar 1 6.99 mmol/l, preexisting cardiovascular disease (previous stroke, coronary heart disease, or transient ischemic attack), subclinical vascular disease (ankle-arm index and carotid intima-media thickness), body mass index and medication use (including aspirin, calcium channel blockers, angiotensin-converting enzyme inhibitors, diuretics, beta-blockers, and 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors).
Analytic Methods
We initially examined the relationship between eGFRcys and change in CRP on a continuous scale by creating scatter plots and then fitting cubic function plots to the data.
Covariates listed above were compared among participants across quintiles of baseline eGFRcys. The 2 tests were used for dis crete variables, and analysis of variance for continuous variables.
Linear regression was used to evaluate the association of eGFRcys with change in CRP initially without adjustment and subsequently after adjustment for demographic covariates and for baseline CRP. Interaction terms were considered in each model between baseline eGFRcys and baseline CRP after other covariates had been included; if the continuous interaction term was significant, then subgroup models for each level of baseline CRP (normal, !1 mg/l; intermediate, 1-3 mg/l; high, 63 mg/l) were performed. These cutoffs were defined in a American Heart Association/Centers for Disease Control and Prevention scientific statement [20] and have been extensively studied in the general population and in patients with cardiovascular disease [21, 22] . Variables were selected for inclusion in the final adjusted models based upon a combination of biological plausibility and whether or not they changed the coefficient of eGFRcys by 5 percent or more. The final models included age, race, gender, hypertension, diabetes, body mass index, and history of CVD, as well as cohort, diuretic use, and hemoglobin levels.
Two sensitivity analyses were performed. First, we performed subgroup analysis including only those individuals with a CRP less than the 'normal' cut-point of 1 mg/l at baseline in order to assess whether baseline kidney function was associated with slope of CRP in this subgroup. We theorized that if decreased kidney c117 function preceded increases in CRP, those increases would most likely be seen in the subgroup with normal initial CRP. Second, because of potential bias due to the competing risk of death, we examined the subgroup with measurements of CRP at baseline and year 3 but with mortality prior to year 7. We hypothesized that this group would be sicker and therefore more likely to have an increased slope of CRP change. In all subgroup analyses, we adjusted for the same covariates found to be significant in the main analysis above. Analyses were performed using SAS (version 9.1, SAS Institute Inc., Cary, N.C., USA); p ^ 0.05 were considered significant.
Results
Of the 5,888 individuals in the CHS cohort, 4,409 had more than one measure of CRP and a baseline measure of cystatin C and were therefore potentially eligible for this study. Figure 1 shows how subjects became eligible for inclusion in this study. The 1,479 individuals excluded based on absence of follow-up samples were older at the baseline visit (median age 75 vs. 72 years, p ! 0.001) and had more comorbid conditions (51 vs. 41% with a history of hypertension, 23 vs. 14% with diabetes); 25% of this Data are given as mean 8 SD or as percentages. TIA = Transient ischemic attack; CHD = coronary heart disease; eGFRcr = estimated glomerular filtration rate based on serum creatinine. group died prior to the second clinic visit, and missing samples or loss to follow-up accounted for the remainder. As noted above, 45 additional individuals were excluded because of extreme CRP values, resulting in a yearly change 1 10 mg/l of CRP.
Of the 4,364 participants included in the analysis, the median (interquartile range IQR) age at baseline was 71 (68-75) years; 14% had diabetes and 18% had prevalent cardiovascular disease. Those with lower eGFRcys were more likely to be female and white, had higher rates of hypertension and diabetes, and had higher baseline CRP The distribution of change in CRP is shown in figure  2 ; the median change in CRP was -0.0051 mg/l/year with an IQR of -0.201 to 0.277. In unadjusted continuous analysis using cubic function plots ( fig. 3 ) , there was no demonstrable association between baseline eGFRcys and change in CRP.
Continuous Analysis
The covariate-adjusted model showed each standard deviation lower baseline eGFR to be associated with small and non-significant decreases in CRP slope of -0.042 mg/l/year [95% confidence interval (CI): -0.085 to -0.0004, p = 0.05]. After adjustment for baseline CRP, the direction of the association changed so that lower baseline eGFRcys was associated with small and non-significant increases in CRP over time of 0.032 mg/l/year (95% CI: -0.005 to 0.070, p = 0.094) ( table 2 , model 1 vs. model 2). This reversal of the association between eGFR and CRP slope was caused by the overall decline in CRP observed in those with high initial CRP (regression to the mean). The interaction between eGFRcys and baseline CRP was significant (p ! 0.001). We therefore performed a stratified analysis using the 3 traditional categories of initial CRP; however, no subgroup met criteria for significance ( table 2 ) .
Sensitivity Analyses
The results for the group with initial CRP ! 1.0 mg/l and in the group with death prior to the seventh year of follow-up are shown in table 2 . In neither subgroup was the baseline eGFRcys significantly associated with the change in CRP in adjusted analysis. Excluding the year 0, measures of CRP did not significantly alter the results.
Discussion
In summary, we noted a small and non-significant association between baseline eGFRcys and an increase in CRP over the course of 7 years of follow-up. This finding was influenced by the baseline CRP, and in all subgroups the relation between eGFRcys and subsequent CRP change was non-significant.
To our knowledge, the current study is the first to examine the effects of baseline kidney function on changes in CRP over a long period of time. In multiple other studies, a cross-sectional relationship between eGFR and CRP has been noted. Since in other studies [23, 24] higher baseline CRP was not associated with decreases in GFR in follow-up, we hypothesized that the reverse might be true. At least in this older community-dwelling cohort, however, the effect of baseline GFR on changes in CRP was, even at the extremes of the confidence intervals, a modest one.
There are several possibilities for the non-significant relation we noted between kidney function and increase in CRP. First, relationships previously noted in cross-sectional analysis may not reflect causality, and external factors such as the burden of atherosclerotic disease may promote both decreased eGFRcys and increased CRP. Second, in this community-dwelling older population, the changes in CRP over the course of 7 years could have been too small for an association to be detected; indeed, in this study, the change in CRP was centered around zero. The changes in CRP that did occur in this cohort may have been a reflection of random variation rather than meaningful change in the inflammatory state of the participant. A pattern of small, random variation is consistent with one previous study over a course of 6 months, which showed a small index of individuality and relatively minimal short-term fluctuations [18] ; however, that short study was in normal volunteers, a population in whom stability would be expected, whereas our study was in older adults in whom chronic illness is more common. Alternatively, if a low eGFRcys causes an inflammatory response (increase in CRP) very quickly (e.g. over days or weeks), longitudinal data such as this would not show a relationship between baseline eGFR and subsequent increases in CRP years later. In fact, if this were true, the cross-sectional relationship would be a better proxy for the relationship between the 2 variables. Fourth, because of informative censoring due to death we may have missed a stronger relationship. This seems less likely, as the subgroup with 2 measurements of CRP prior to death also did not demonstrate a relation between baseline eGFRcys and change in CRP.
There are several limitations to this analysis. We did not have a gold standard measure of kidney function but instead relied on estimates from cystatin C. However, cystatin C is correlated with CRP at baseline, and so a relationship with CRP over time was plausible. We used a newly developed equation to estimate GFR using cystatin C; while several different equations have been proposed for eGFRcys, this equation is based on the largest cohort of subjects derived from multiple data sources that all used nephelometric methods to measure cystatin C [19] . We are unable to evaluate CRP in those who did not survive to have multiple measures; these older and sicker individuals had worse baseline kidney function and thus may have been those most likely to have increasing CRP over time. This introduces a potential for survivor bias; i.e. the subgroup available for study may be less likely to experience change in CRP. However, we did examine the group included in the study but who died prior to the last study visit; the same relationships were seen in this sicker subgroup.
In conclusion, we did not detect an association between estimated GFR using cystatin C and changes in CRP in follow-up. Future studies should examine other potential causes or links between decreased kidney function and inflammation, including other markers of atherosclerosis.
